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] .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] ~~ 
[0001] 

[Field of the Invention] Even if this invention uses glass for a substrate, it can perform an 
electrostatic chuck, and even if the multilayers which have internal stress are used for it it 
relates to the reticle which can control distortion, the aligner using it, and the exposure ' 
approach. 
[0002] 

[Description of the Prior Art] ,In order to raise the resolution of the optical system restricted 
by the diffraction limitation of light with detailed-izing of a semiconductor integrated circuit 
in recent years, the projection lithography technique which was replaced with the 
conventional ultraviolet rays and used the X-ray with more short wavelength is developed In 
the EUV exposure machine used for this, EUV light (generally the wavelength of 1 3nm or 
1 lnm is specifically used the wavelength of 5-20nm) is used. 

[0003] The silicon wafer was proposed as a reticle used for an EUV exposure machine at the 
beginning. However, there is a possibility that a reticle may generate heat and expand with the 
exposure luminous energy irradiated by the reticle. Thereby, since overlay precision is made 
to get worse, it is pointed out that it is inadequate for the lithography of 70nm and 50nm node 
From such a situation, there is a proposal using the low thermal expansion glass called zero 
DEYUA by the shot company and ULE by Coming, Inc. to reticle material as the 
countermeasure. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since glass is non-conductive material 
when low thermal expansion glass is used for reticle material and it fixes the reticle to a 
reticle stage, it cannot use an electrostatic chuck as the fixed approach. On the other hand, 
even if EUV light is among helium, in order to decrease it remarkably in a gas, it needs to 
make the EUV exposure machine itself a vacuum environment. That is, it is necessary to put a 
reticle on a vacuum environment. Therefore, a reticle is unfixable like the conventional 
optical stepper with vacuum adsorption. Therefore, as the fixed approach of a reticle although 
it may use together with MEKACHAKKU, an electrostatic chuck becomes indispensable 
[0005] Moreover, in the reticle for EUV, it is common that form the multilayers for reflecting 
EUV light on a glass substrate, form the absorption layer which absorbs EUV light on the 
multilayers, and a reticle pattern is formed by carrying out patterning of the absorption layer 
Since these multilayers and an absorption layer have internal stress, a reticle may be made 
distorted. If distortion of a reticle becomes large, exposure area will separate from DOF 
(depth of focus) of projection optics. Moreover, since EUV optical system is a reticle side 
non-calling cent rucksack if a reticle side curves even if it is not distortion of a reticle to the 
extent that it separates, a pattern location shift arises on a wafer and this serves as an overlay 
error. Furthermore, if the glass substrate which is a plate with the thickness of finite curves 
distortion (IDP; the Inn plane, distortion) which serves as a strike slip within a reticle side ' 
and appears in addition to the distortion of the direction which intersects perpendicularly with 
a reticle side (OPD; out plane distortion) will arise. This carries out the strike slip of the 



circuit pattern drawn by the reticle, and serves as an overlay error. 

[0006] This invention is made in consideration of the above situations, and even if the 

purpose uses glass for a substrate, it is to offer the reticle which can perform an electrostatic 

chuck, the aligner using it, and the exposure approach. Moreover, even if the multilayers 

which have internal stress are used for other purposes of this invention, they are to offer the 

reticle which can control distortion, the aligner using it, and the exposure approach 

[0007] 

[Means for Solving the Problem] The reticle which starts this invention in order to solve the 
above-mentioned technical problem is a reticle used for an EUV aligner, and is characterized 
by providing a glass substrate, the multilayers for reflecting EUV light formed in the top face 
of this glass substrate, the patterning layer which was formed on these multilayers and which 
has an exposure pattern, and the conductive film formed in the inferior surface of tongue of a 
glass substrate. 

[0008] According to the above-mentioned reticle, even if it uses as a substrate the glass which 
is non-conductive material, a reticle is fixable to a stage with an electrostatic chuck by 
forming the conductive film in the inferior surface of tongue of a glass substrate. 
[0009] Moreover, as for said glass substrate, in the reticle concerning this invention, it is 
desirable that it is the substrate which consists of low-thermal-expansion-glass material which 
has the coefficient of linear expansion below 1 OOx 1 0-9/K. 

[0010] Moreover, in the reticle concerning this invention, said conductive film can also have 
the sign and thickness of the stress controlled to offset the internal stress which said 
multilayers have. Even if this uses the multilayers which have internal stress, distortion of a 
reticle can be controlled. 

[001 1] Moreover, in the reticle concerning this invention, said conductive film can also have 
the sign and thickness of the stress controlled to offset the sum of the internal stress which 
said multilayers have, and the average internal stress which said patterning layer has. Even if 
this uses the multilayers which have internal stress, distortion of a reticle can be controlled. 
[0012] In the aligner which the aligner concerning this invention has the illumination system 
which leads EUV light to a reticle, and the projection optics which leads the EUV light from a 
reticle to a photosensitive substrate, and imprints the pattern of a reticle to a photosensitive 
substrate It has the electrostatic chuck device which fixes said reticle to a stage. Said reticle It 
is characterized by providing a glass substrate, the multilayers for reflecting EUV light 
formed in the top face of this glass substrate, the patterning layer which was formed on these 
multilayers and which has an exposure pattern, and the conductive film formed in the inferior 
surface of tongue of a glass substrate. 

[001 3] According to the above-mentioned aligner, even if it uses as a substrate the glass 
which is non-conductive material in a reticle, a reticle is fixable to a stage with an electrostatic 
chuck by forming the conductive film in the inferior surface of tongue of a glass substrate. 
[0014] Moreover, as for said electrostatic chuck device, in the aligner concerning this 
invention, it is desirable to provide the electrode holder to which the touch-down potential 
prepared in the reticle stage was impressed, and the needlelike member which impresses a 
predetermined electrical potential difference to said conductive film. 
[0015] Moreover, in the aligner concerning this invention, it is the safety catch device 
attached in said reticle stage, and when a reticle is fixed downward according to said 
electrostatic chuck device in this reticle stage, it is desirable to include farther the device in 
which fall of this reticle is prevented. 

[0016] Moreover, in the aligner concerning this invention, said conductive film can also have 
the sign and thickness of the stress controlled to offset the internal stress which said 
multilayers have. Even if this uses the multilayers which have internal stress, distortion of a 
reticle can be controlled. 

[0017] Moreover, in the aligner concerning this invention, said conductive film can also have 



the sign and thickness of the stress controlled to offset the sum of the internal stress which 
said multilayers have, and the average internal stress which said patterning layer has Even if 
this uses the multilayers which have internal stress, and an absorption layer, distortion of a 
reticle can be controlled. 

[0018] By the exposure approach concerning this invention fixing a reticle to a stage using an 
electrostatic chuck device, leading EUV light to this reticle according to an illumination 
system, and leading the EUV light from a reticle to a photosensitive substrate according to 
projection optics It is the exposure approach which imprints the pattern of a reticle to a 
photosensitive substrate. Said reticle It is characterized by providing a glass substrate, the 
multilayers for reflecting EUV light formed in the top face of this glass substrate the 
patterning layer which was formed on these multilayers and which has an exposure pattern 

f^?-Tw n VC m foimed in ^ inferior surface of tongue of a glass substrate 
[0019] Moreover, it becomes possible to fix a reticle to a stage by the electrostatic chuck by 
having the electrode holder with which said electrostatic chuck device was prepared in said 
stage in the exposure approach concerning this invention, and the needlelike member which 
impresses a predetermined electrical potential difference, contacting said conductive film in 
said electrode holder, supplying touch-down potential, contacting said needlelike member on 
rnl^w ' and im P ressin g a Predetermined electrical potential difference to it 

[0020] Moreover, m the exposure approach concerning this invention, said conductive film 
can also have the sign and thickness of the stress controlled to offset the internal stress which 
said multilayers have. Even if this uses the multilayers which have internal stress, distortion 
of a reticle can be controlled. 
[0021] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained with reference to a drawing. Drawing 1 is the sectional view showing the reticle bv 
the gestalt of operation of this invention. This reticle 2 is used for an EUV aligner 
[0022] As shown in drawing 1 , the multilayers ML for EUV light reflexes are formed in the 
top face of the low-thermal-expansion-glass substrate 20, and the patterning layer (for 
example, absorption layer AL) is formed on these multilayers ML. Patterning of this 
absorption layer AL is carried out, and the circuit pattern is drawn by the existence of the 
absorption layer AL. The conductive film (electric conduction film) CL is formed in the 
inferior surface of tongue (a top face is, the field, i.e., the chuck side, of the opposite side) of 
the low-fliermal-expansion-glass substrate 20. It becomes possible [ an electrostatic chuck 1 
also for the reticle 2 using a low-thermal-expansion-glass substrate with this electric 
conduction film CL. Multilayers ML, the absorption layer AL, and the electric conduction 
film CL are formed by sputtering. 

[0023] The selection range of the concrete ingredient used for the electric conduction film CL 
is wide here and it is possibles use a general metal, for example, Cr, nickel, and Ta other 
metals, an alloy, a semi-conductor, etc. ' 
[0024] Although it changes as an example of the multilayers ML for EUV light reflexes with 
wavelength of the EUV light to be used, if it is the wavelength near 1 3nm to 14nm for 
example, it is desirable to use by turns 40 thru/or the multilayers which carried out 50 pair 
lammatmg with the period of the abbreviation one half of wavelength for Mo (molybdenum) 
and Si (silicon). If such multilayers are used, the perpendicular reflection factor around 70% 
will be obtained. 

[0025] Even if it forms Multilayers ML by sputtering in ordinary temperature, it is known b Y 
the multilayers ML that the compressive stress of hundreds MPa(s) (megger pascal) will arise 
as a result. Then, in order to control deformation of the low-thermal-expansion-glass substrate 
2 £ 11 consider s as the film equipped with the sign and thickness of the stress controlled to 
offset the compressive stress in which Multilayers ML have the electric conduction film CL 
formed in the inferior surface of tongue of the low-thermal-expansion-glass substrate 20 



[0026] That is, let the electric conduction film CL be the film which has said compressive 
stress and the same compressive stress. Here, there are compressive stress and a tensile stress 
in internal stress, and internal stress is expressed with the force per membranous unit 
thickness. For example, if the electric conduction film which has the same stress of hundreds 
MPa(s) as Mo/Si multilayers is formed in the inferior surface of tongue of a low-thermal- 
expansion-glass substrate, thickness of the electric conduction film will be made the same as 
Mo/Si multilayers. Thereby, since the internal stress of the top face and inferior surface of 
tongue of a low-thermal-expansion-glass substrate balances, deformation of the low-thermal- 
expansion-glass substrate 20 can be controlled. Moreover, if the electric conduction film 
which has internal stress twice the internal stress of Mo/Si multilayers is formed in the 
inferior surface of tongue of a low-thermal-expansion-glass substrate as other examples 
thickness of the electric conduction film will be made into the one half of multilayers. 
Thereby, deformation of the low-thermal-expansion-glass substrate 20 can be controlled 
[0027] In the case of the absorption layer AL formed by carrying out patterning, the internal 
stress which the absorption layer AL has is opened wide partially, but since stress distribution 
may occur in a substrate, as for the internal stress of the absorption layer AL it is desirable to 
bring close to zero as much as possible. When internal stress still does not become zero the 
average internal stress after patterning is calculated beforehand, and the sign and thickness of 
stress of the electric conduction film CL are controlled to cancel the stress which doubled the 
average internal stress and internal stress which Multilayers ML have by the electric 
conduction film CL. 

[0028] That is, what is necessary is to double the magnitude of internal stress, and the sign 
(that is, is it compressive stress and is a tensile stress?) of stress, and just to control the 
thickness of the electric conduction film CL, in order to cancel the combined stress of the 
absorption layer AL formed in the top face of the low-thermal-expansion-glass substrate 20 
and Multilayers ML by the electric conduction film CL formed in the inferior surface of ' 
tongue of the low-thermal-expansion-glass substrate 20. 

[0029] Here, as a concrete method of controlling the magnitude of stress, and the sign of 
stress, selection of the quality of the material of the electric conduction film, the membrane 
formation approach of the electric conduction film, adjustment of membrane formation 
conditions, etc. are mentioned. Since the magnitude of internal stress and the sign of stress 
change with the quality of the materials, the electric conduction film can realize the 
magnitude of various internal stress, and the sign of stress by choosing the quality of the 
materia] of the electric conduction film. Moreover, since internal stress changes with the 
membrane formation approach and membrane formation conditions, the electric conduction 
film can realize the magnitude of various internal stress, and the sign of stress by adjusting the 
membrane formation approach and membrane formation conditions. As the membrane 
formation approach, sputtering, EB vacuum evaporationo, etc. are mentioned, for example In 
addition, although the thickness of multilayers or an absorption layer is unchangeable with a 
not much big degree of freedom in order to satisfy the optical engine performance to EUV 
light, the degree of freedom of the thickness of the electric conduction film is large. 
[0030] The coefficient of linear expansion of the low-thermal-expansion-glass substrate 20 is 
very small, for example, it is desirable that they are below 1 OxlO-9/K. When the temperature 
of a reticle 2 rises by IK, expansion of a reticle will be lnm at the edge and edge of the 
100mm field, and if a reticle pattern is imprinted by the wafer (photosensitive substrate) by 
4:1, it will be 0.25nm on a wafer, it comes out to this extent, and if it is, of course, 70nm node 
and 50nm node will not come to worsen an overlay error in 30nm node. Incidentally, if the 
overlay called for by each node is 30nm node in one third of line breadth, it will be set to 
lOnm. The rate of the above-mentioned 0.25nm of occupying is so small that it can be 
disregarded among 1 Onm. 

[0031] If the coefficient of linear expansion of the low-thermal-expansion-glass substrate 20 



becomes below ] 0x1 0-9/K, even if the temperature of a reticle 2 will rise by 1 0 degrees C, 
expansion of a reticle is lOnm at the edge and edge of the 100mm field, and if a reticle pattern 
is imprinted by the wafer by 4:1 , it will become only 2.5nm elongation on a wafer. Since it is 
**] .25nm, it is not the figure never allowed 30run node. On the contrary, if it turns out that 
temperature goes up only by 1 degree C, it may be allowed even if coefficient of linear 
expansion is 100x1 0-9/K. It depends on the effectiveness [ how many times the temperature 
of a reticle rises ] of the EUV luminous energy supplied to a reticle, and a cooler style. Since 
it is among a vacuum, as an approach of cooling a reticle, when based on conduction of heat, 
the approach of cooling a reticle from a rear face is mentioned, and when based on radiation' 
of heat, the approach of arranging **** is mentioned to the front face of a reticle, and the 
location which counters. 

[0032] Moreover, in the above-mentioned reticle 2, it may be put into the etching stop layer 
for suspending the buffer layer aiming_at the protection at the time of pattern correction, and 
etching between Multilayers ML and the absorption layer AL. In this case, it is desirable to 
take into consideration the internal stress of a buffer layer or an etching stop layer together 
with it of multilayers. In case a buffer layer and an etching stop layer carry out patterning of 
the absorption layer, after etching and removing an absorption layer, it is removed similarly 
and the part in which the absorption layer remained remains as it is too. 
[0033] Drawing 2 is the block diagram showing the outline of an EUV aligner in which the 
reticle shown in drawing 1 , can be used. Drawing 3 is the configuration sectional view which 
expanded the reticle and reticle stage which are shown in drawing 2 . 
[0034] The EUV aligner is equipped with the illumination system IL including the light 
source as shown in drawing 2 . The EUV light (generally the wavelength of 5-20nm is used, 
and the wavelength of 13nm or 1 lnm is specifically used) emitted from the illumination 
system IL is irradiated by the clinch mirror 1 at a reticle 2. The reticle 2 is held in the reticle 
stage 3. A reticle stage 3 has the stroke of 1 00mm or more in a scanning direction (Y-axis), 
has a minute stroke in the direction (X-axis) which intersects perpendicularly with the 
scanning direction within a reticle side, and has a minute stroke also in the direction of an 
optical axis (Z-axis). The monitor of the location of the XY direction is carried out with high 
precision by the laser interferometer which is not illustrated, and the monitor of the Z 
direction is carried out by the reticle focus sensor which consists of a reticle focus light 
transmission system 4 and a reticle focus light-receiving system 5. 

[0035] The EUV light reflected by the reticle 2 includes the information on the circuit pattern 
drawn on the reticle. The multilayers (for example, Mo/Si and Mo/Be) which reflect EUV 
light are formed in the reticle 2, and patterning is carried out by the existence of an absorption 
layer (for example, nickel and aluminum) on these multilayers. In a lens-barrel 14, incidence 
is carried out, and it is reflected by the first mirror 6, it is reflected with the second mirror 7, 
the third mirror 8, and the fourth mirror 9 one by one, and, finally incidence of the EUV light 
is perpendicularly carried out to a wafer 1 0. The contraction scale factors of a projection 
system are one fourth and 1/5. Although there are, the mirror is effective in this drawing, if a 
mirror is made into six sheets or eight sheets, in order to enlarge N.A. more. [ four ] The off 
axis microscope is arranged near the lens-barrel 14. 

[0036] The wafer 1 0 is carried on the wafer stage 1 1 . The wafer stage 1 1 can move freely in 
the inside of the field which intersects perpendicularly with an optical axis (XY flat surface), 
and a stroke is 300-400mm. The upper and lower sides of a minute stroke are possible also in 
the direction of an optical axis (Z-axis), and the monitor of the location of a Z direction is 
carried out by the wafer focus sensor which consisted of a wafer automatic focus light 
transmission system 12 and a wafer automatic focus light-receiving system 13. The monitor 
of the location of the XY direction is carried out with high precision by the laser 
interferometer which is. not illustrated. In exposure actuation, a reticle stage 3 and the wafer 
stage 1 1 carry out a synchronous scan by the same velocity ratio as the contraction scale 



factor of a projection system, 4:1 [ i.e., ], and 5:1 . 

[0037] Next, the concrete approach which carries out the electrostatic chuck of the reticle 2 to 
a reticle stage 2 is explained. As shown in drawing 3 , the electrode holder 21 is arranged 
under the reticle stage 3, and touch-down potential (GND) is supplied to this electrode holder 

[0038] Needles 22a and 22b are arranged on the outside of the electrode holder 21 in the 
inferior surface of tongue of a reticle stage 3. The end face of Needles 22a and 22b is attached 
m the reticle stage 3 through the spring which is not illustrated. The safety catch member 23 
which prevents fall of a reticle 2 is attached in the outside of the needle in the inferior surface 
of tongue of a reticle stage 3. The safety catch member 23 has the role which catches this 
reticle 2, in case the cross section tends to consist of a L character configuration and a reticle 
2 tends to fall. 

[0039] When carrying out the electrostatic chuck of the reticle 2 to the reticle stage 3 which 
was mentioned above, while contacting the electric conduction film (CL shown in drawing 1 ) 
of a reticle 2 in an electrode holder 21 , the tip of Needles 22a and 22b is first contacted on this 
electric conduction film. Next, while impressing touch-down potential to an electrode holder 
21, a predetermined electrical potential difference is impressed to Needles 22a and 22b. Under 
the present circumstances, the force of a spring is committing the needle in the direction 
which does not separate from the electric conduction film. Thus, a reticle 2 is fixed to a reticle 
stage 2 by the electrostatic chuck. 

[0040] According to the gestalt of the above-mentioned implementation, even if it uses as a 
substrate the low thermal expansion glass which is non-conductive material in a reticle 2 a 
reticle 2 is fixable to a reticle stage 3 with an electrostatic chuck by forming the electric ' 
conduction film CL in the inferior surface of tongue of the low-thermal-expansion-elass 
substrate 20. 

[0041] Moreover, it is considering as the film equipped with the sign and thickness of the 
stress controlled by the gestalt of the above-mentioned implementation to offset the 
compressive stress in which Multilayers ML have the electric conduction film CL formed in 
the inferior surface of tongue of the low-thermal-expansion-glass substrate 20 as mentioned 
above. For this reason, even if it uses the multilayers which have internal stress, distortion of a 
reticle can be controlled. Thereby, it can prevent that exposure area separates from DOF 
(depth of focus) of projection optics. Moreover, generating of the pattern location shift on a 
wafer is controlled, and an overlay error can be prevented. Furthermore, generating of the 
distortion of the direction which intersects perpendicularly with a reticle side (OPD- out plane 
distortion), and distortion (IDP; the Inn plane, distortion) which serves as a strike slip within a 
reticle side, and appears is controlled, and an overlay error can be prevented. 
[0042] In addition, it is possible to change variously and to carry out within limits which this 
invention is not limited to the gestalt of the above-mentioned implementation, but deviate 
from the main point of this invention. 
[0043] 

[Effect of the Invention] As explained above, even if it uses glass for a substrate by forming 
the conductive film in the inferior surface of tongue of a glass substrate according to this 
invention, the reticle which can perform an electrostatic chuck, the aligner using it, and the 
exposure approach can be offered. 

[0044] Moreover, according to this invention, said conductive film is equipped with the sign 
and thickness of stress which were controlled to Offset the internal stress which multilayers 
have. Therefore, even if it uses the multilayers which have internal stress, the reticle which 
can control distortion, the aligner using it, and the exposure approach can be offered. 
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